Abstract. In view of the fact that the fault of railway signal equipment is difficult to diagnose, this paper designs an expert system to simulate human experts to make decisions and improve the science of fault diagnosis. The design includes four aspects: First, a system structure composed of a database, a knowledge base, an inference engine, and an interpretation mechanism is designed; secondly, basic data of signal equipment, numerical standards of signal equipment, and equipment failure analysis data are designed. The knowledge base constituted; Thirdly, a functional structure consisting of data preprocessing, fault diagnosis, fault alarm, information prompt, fault statistics and system management is designed. Fourthly, the process of equipment fault diagnosis is designed by means of flow chart. and fourthly, a flowchart was used to design the equipment fault diagnosis process . The successful application of this system will help improve the actual work quality and improve the management and maintenance methods.
and the learning rules are simple. The disadvantage is that everything is inferred into numerical calculations and the result is bound to lose information.
Artificial intelligence and expert system are the development direction of fault diagnosis of railway signal equipment in the future. Artificial intelligence is the simulation of human thinking logic, through complex series of thinking, solving problems that need to be diagnosed, and showing significant advantages in practice. The expert system is the input of domain experts' knowledge and experience in the system, comprehensive use of multiple diagnostic techniques for reasoning, and expert analysis of problems. An expert system is a computer program that can handle faults at the level of experts in certain areas. Due to the integration of many expert knowledge, in some aspects even more than human experts. The railway signal fault diagnosis expert system is a program system with a large amount of specialized knowledge. Artificial intelligence technology is applied to reasoning based on domain knowledge provided by a number of experts to simulate human experts to make decisions and solve problems that require experts to solve. The scientific combination of expert system and signal equipment fault diagnosis knowledge, the use of various reasoning techniques, and the full use of their respective expertise will increase the intelligence level of the diagnostic system and make it an important means for fault diagnosis of railway signal equipment.
Structure on Fault Diagnosis Expert System for Railway Signal Equipment
diagnosis expert system is based on the data of the signal monitoring system and consists of three parts: data preprocessing, fault diagnosis, and generation and maintenance. Among them, the fault diagnosis consists of man-machine interface, inference engine, knowledge base, database, knowledge base maintenance and interpretation mechanism, etc. The system structure is shown in Fig. 1 .
The important components shown in Fig. 1 are briefly described as follows: (1) Database Data base. A well-structured database system is the basis for constructing an expert system. It is used to store all the information generated during the operation of the system, as well as the required raw data, including user input information, inference intermediate results, and inference process records. The state of the database consisting of various facts, propositions, and relationships is both the basis for the inference engine's choice of knowledge and the source of the reasoning mechanism for the reasoning mechanism.
(2) Knowledge Base. The knowledge base is the connection between entities and entities used to store knowledge, and is divided into three categories: rules, facts, and meta-knowledge. It mainly includes definitions of various terms, language descriptions, corresponding consistency, integrity constraints, and meta-rules for reasoning control. Part of the meta-knowledge is stored in the (3) Inference machine. The inference engine simulates the thinking process of domain experts and controls and executes the solution to the problems. It is a mechanism that identifies, selects, and matches the rules in the knowledge base and obtains the results based on the information of the current problem. In the reasoning process, a series of inference rules expressed in a certain language are interpreted and executed, and relevant knowledge is selected from the knowledge base according to the inference strategy, and the evidence provided by the user is matched until a conclusion is reached.
(4) Interpretative mechanism. The interpretive mechanism needs to help users understand the static knowledge and dynamic reasoning process of the system at any time. The interpretation mechanism consists of a set of programs to track and record the reasoning process. When the user asks for an explanation, it will do the corresponding processing according to the requirements of the problem. The explanation mechanism should provide a good human-computer interaction interface, which is easy for the user to operate. The explanation information can be sent to the screen, document or other output device in a timely manner in a form acceptable to the user.
Knowledge Base on Fault Diagnosis Expert System for Railway Signal Equipment
Knowledge management is the organization, management, and maintenance of knowledge. Specifically include knowledge classification, knowledge organization and storage, knowledge retrieval, knowledge addition, knowledge deletion, knowledge modification, knowledge copying and dumping, and knowledge consistency, integrity, and redundancy check. The structure of the knowledge base system is shown in Fig. 2 . The functional modules include knowledge base establishment, knowledge base update (including add, delete, change), knowledge acquisition and knowledge query. The user interface is a means to provide users with the use of knowledge (inquiry, addition, deletion, change, etc.).
(1) Signal equipment basic data knowledge base. According to the functional principle of each device related to the signal device, it is classified and classified, and includes the standard circuit diagram of the signal device. Including: basic data of relays, basic data of power supply equipment, basic data of signal generators and signal indicators, basic data of switching and locking equipment, basic data of track circuits, basic data of station interlocking systems, basic data of interval blocking equipment, and crossing equipment Fundamental data, lightning protection basic data of signal equipment, etc., and will be revised along with the updating and upgrading of signal equipment.
(2) Numerical standard knowledge base of signal equipment. For the basic data encoding of signal equipment, the technical standards of all signal equipment are classified and summarized to ensure the comparability of the real-time monitoring data of the signal equipment, beyond the standard range, and the alarm prompts are raised, and the reasons for exceeding the standards are 
Function on Fault Diagnosis Expert System for Railway Signal Equipment
Functional design is represented by a functional structure model used to describe the hierarchical structure of software functions. A rectangular box represents a module in the structure diagram. The connection line between the rectangles represents the call relationship. The rectangle box on the upper layer represents the module, and the module represented by the lower rectangle box is called. Modular design should follow the principles of abstraction, gradual refinement, modularity, and information hiding. Modular design of software can have different levels of abstraction. At the highest level of abstraction, the language description of the environment in which the problem is located can be used. At the lower level of abstraction, procedural methods are used; stepwise refinement is a top-down design strategy, and the software architecture is structured in a top-down manner, with process details and data at all levels. The details are gradually refined until they can be implemented in the language of the programming language. The functional design results of this system are shown in Fig. 3 . 
Fault Diagnosis Process on Fault Diagnosis Expert System for Railway Signal Equipment
The fault diagnosis of railway signal equipment is the core function of the expert system. The diagnosis process is shown in Fig. 4 .
The fault diagnosis of railway signal equipment shown in Fig. 4 is briefly described as follows:
(1) Ask questions and apply expert systems for analysis; (2) Compare the faults that have occurred with the fault features that have been stored in the system and check whether the same records exist; (3) If the same fault record is found in the system library, the rule will be activated; (4) After all the rules of the same record are activated, it is analyzed whether each condition of the rule is the same as the current failure. If the condition of a rule is unknown, ask questions and get more information about the fault through the user's answers; (5) If the conditions of the rule are all consistent with the conditions of the failure, the execution result of this rule will be stored; (6) Check if there are other activated rules, if any, execute the loop; (7) Calculate the credibility of all activation rules; (8) Use the most reliable troubleshooting method as a maintenance plan; (9) If there is no corresponding rule, the output "No relevant knowledge", the user will again look for other information. Fault signature database exists same record?
Select one of the rules based on the prerequisites
